Structural and genetic analysis of electrostatic and other interactions in bacteriophage T4 lysozyme.
The lysozyme from bacteriophage T4 is being used as a model system to determine the roles of individual amino acids in the folding and stability of a typical globular protein. Such studies can provide quantitative information on the contributions made by different types of interactions including hydrogen bonds, hydrophobic interactions, salt bridges and disulphide bridges. To determine the contribution of long-range electrostatic interactions a combination of charge-change mutations was used to reduce the overall formal charge on T4 lysozyme at neutral pH from +9 to +1 units. Such changes in charge were found to have little effect on the stability of the molecule. Salt bridges engineered on the surface of the protein also were found to contribute little to stability. In contrast, the introduction of acidic groups designed to interact with the partial positive charges at the N-termini of alpha-helices consistently increased the stability of the protein. It is argued that this difference between electrostatic salt-bridge interactions and electrostatic 'helix-dipole' interactions lies in the entropic cost of bringing together the interacting partners. In an attempt to simplify the folding problem, and also to further investigate the helix propensity of different amino acids, a series of alanines was introduced within an alpha-helix of T4 lysozyme. The resultant protein not only folds normally but is also more stable than the wild-type enzyme, adding further support to recent evidence that alanine is a helix-favouring amino acid.